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Role Playing Games (RPGs) are event-driven hence require several 
kinds of dice, including variants you may never have seen or heard of. 
This microprocessor-based circuit can generate them all and should 


delight RPG players. 





If you throw a die on a tabletop and let it roll 
for a second or two, you expect it to tell you 
a random number in the range from one to 
six. This particular range is determined by 
the physical shape of the die, which — in its 
classic form — is a cube. Rolling two or more 
dice gives a wider range of numbers with a 
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corresponding decrease of the 
chances that a certain value is 
obtained. 

An electronic version of, say, a fistful 
of dice requires a circuit exhibiting at 
least a fair degree of pseudo-random 
behaviour. 


Role Playing Games 


RPG’s require something well 
beyond the classic six-face cube- 
shaped die because they are event- 
driven, and the simulated action can 
span from a simple coin toss (when 
players have to choose between yes 
or no, true or false, black or white, 
etc.) right up to the full evaluation of 
a 0 to 100% probability, performed by 
rolling a die with 100 triangular- 
shaped, numbered sides. In between 
these extremes, RPGs employ dice 
with 8, 10, 20 and even 3 sides. Obvi- 
ously, the latter does not exist — 
rather, it is a regular cube with each 
number (1, 2 and 3) printed, painted 
or etched on two of the six sides. 
Baffled? Never heard of RPGs? Have 
a look at these websites: 


www.webrpg.com 
www.rpghost.com 
Www.tpg.net 


The kind of dice actually used in an 
RPG is decided by the Game Master. 
He/she could decide to apply the full 
range, but equally well, the 6- and 
10-scores only, when 100 is achieved 
by a double throw of 10. However, 
with the maxim melius abundare 
quam deficere in mind (‘better too 
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Figure |. Circuit diagram of the RPG Dice Roller. All intel 


much than not enough’), the skilled 
RPG player always carries a small 
pouch with a dozen or more dice, 
just in case. In the following text, 
you'll find the workings of an all- 
electronic equivalent of such a 
pouch. 


Circuit description 


The circuit diagram of the RPG Dice 
Roller s given in Figure 1. It is a clas- 
sic application of an Atmel AT90 pro- 
grammable Flash microcontroller sur- 
rounded by input devices (switches 
$1-S4), output devices (buzzer BZ1 
and an LCD) and a power supply 
(IC2). If you were shown this circuit 
diagram only, it could just as well be 
a rocket launcher or an egg timer! Of 
course, the functionality is deter- 
mined by the software burned into 
the AT90 chip. 
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The circuit has provision for in-cir- 
cuit programming of the Atmel Flash 
chip via connector K1. How this may 
be done will be described in a small 
article to be published later this year 
on Atmel ISP (in-system program- 
ming). The circuit may be powered 
by either a 9-V battery or a small 
mains adapter supplying anything 
between 9 and 13 volts DC at about 
300 mA. Because it is too heavy on 
the battery, the LCD backlight (BL) 
(if available) will only light when 
mains adapter power is applied. The 
battery may be left connected when 
the adapter is used. Resistor R8 may 
have to be redimensioned to suit the 
BL current requirement of the LCD 
you're using. The current consump- 
tion of the LCD alone is of the order 
of 18 mA, but this will rise consider- 
ably when the BL is used. The indi- 
cated value of R8 will establish a 
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igence is vested in the Flash microcontroller, IC1. 


current of just 10 mA in the BL circuit. You 
may need to change this to a more realistic 
value (between 47 Q and 82 Q) to get a use- 
ful backlight level. 

These days there is a large choice of LCDs 
from different manufacturers — new, used 
basement bargains, NOS, you name it. Here, 
the commonly seen 2x16 character type is 
used. 

Unfortunately, despite the massive offer- 
ings there is no standardisation among man- 
ufacturers as far as the position of the 16-way 
connector on these devices is concerned, and 
that is why the RPG Dice Roller circuit has a 
pinheader that allows the LCD to be con- 
nected by a short length of flatcable. Pin 1 of 
the header goes to pin 1 on the LCD connec- 
tor, pin 2 to pin 2, etc. 

The same lack of standardisation is found 
with the corner holes that enable an LCD 
module to be secured, hence no holes are 
provided for PCB pillars on the RPG Dice 
Roller board. 
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Not all LCDs with built-in backlighting 
have the lamp (or LED) connections on 
pins 15 and 16 as indicated in our circuit dia- 
gram. In some cases, these two connections 
are found elsewhere on the LCD module, and 
the two wires to them may have to be 
rerouted a bit. In case of doubt, trail the Inter- 
net for a datasheet of your LCD. 

Preset P1 allows the LCD contrast to be 
set for different viewing angles. If you see 
only black squares, or nothing at all, when 
the circuit is switched on, turn P1 until text 
appears. If not, there is a hardware or soft- 
ware problem. 


Construction 


Building the RPG Dice Roller should not pre- 
sent problems since a high quality ready- 
made board is available from the Publishers. 
The board is shown in Figure 2, along with 
the parts list. 

There are no special precautions to men- 
tion here, except perhaps that it is recom- 
mended to use an IC socket for the microcon- 


COMPONENTS LIST 


Resistors: 
RI,R7 = 47kQ 
R2-R6 = 470Q 


R8 = 470Q |W (see text) 
PI = 10kQ preset 


Capacitors: 

Cl,C2 = |5pF 
C3-C6 = 100nF 
C7,C8 = 100uF l6V 


Semiconductors: 

D1,D2,D3 = IN4001 

ICI = AT90S4433-8PC, programmed, order 
code 020005-41 

IC2 = 78L05 


Miscellaneous: 

BTI = 9V battery 

BZI = DC buzzer, 5V 

KI = 10-way boxheader 

K2 = mains adaptor socket, PCB mount 

K3 = |16-way boxheader 

S|-S4 = pushbutton, | make contact, 
PCB mount 

XI = 7.3728MHz quartz crystal 

LCD module, 2 x l6 characters, preferably 
with backlight, e.g., PC1602D, LM052L, 
LMO16 

Optional: 9-13 VDC 300mA mains adaptor 
(a.k.a. battery eliminator) 

PCB: order code 020005-1 

Disk, project source code file, order code 
020005-1 1 (also Free Download) 
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troller, and that the electrical con- 
nections of the pushbutton switches 
have to be ascertained before fitting 
these (square) devices on the board. 
In other words: find the switch in the 
device and make sure it goes to the 
right solder pads. The function of 
each switch is given in the circuit 
diagram. 

Finally, there is no need to con- 
nect anything to the Atmel program- 
ming port if you use a programmed 
microcontroller. 


Practical Use 


The naming of the four buttons is as 
follows: (from left to right on the 
PCB): 





S4 DO (i.e., execute) 

S3 MENU 

S2 SCROLL BACK / ‘— (minus) 
S1 SCROLL FORW / ‘+’ (plus) 


On power-up, the circuit shows a 
welcome message for a few seconds, 
then enters the MENU page and 
defaults to Roll Dice mode. 

Actually, the welcome message is: 


and it is accompanied with three 
short beeps from the buzzer.The 
MENU page is functionally divided 
in two rows: the upper one is static, 
and simply shows the word ‘MENU’. 
The lower is variable, showing the 
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Figure 2. Copper track layout and component mounting plan of the PCB designed 


for the circuit (board available ready-made). 
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Figure 3. Ready populated board (prototype). 


current work mode. You can browse 
all three work modes by pressing 
SCROLL BACK or SCROLL FORW. 


MENU 

Roll Dice 
MENU 

Armour Class 
MENU 


Hit Foints Memo 


Once displayed in the lower line, a 
given mode can be effectively 
entered by pressing DO. To get back 
to the MENU, simply press MENU. 
Please note a useful shortcut: when 
you are about to confirm a selection, 
you can press MENU instead of DO. 
In other words, the MENU key can 
be used either to enter or to leave a 
given mode. This ‘unusual’ behav- 
iour was suggested by several RPG 
players, because they often prefer to 
hit the same key repeatedly instead 
of two distinct keys. 
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Roll Dice mode 
Starting from the first MENU page, 


MENU 
Roll Dice 


you may press DO or MENU to 
access the dice selection page. 


Select dice 
id4: 


The dice selection page shows a sta- 
tic message, ‘Select dice’, and the 
current dice type. According to the 
standard RPG conventional repre- 
sentation, dice types are shown in 
compact form ‘1dn’, where ‘1d’ is a 
prefix, and n is the number of sides 
(or faces) of the die. 

The current version of the 
firmware performs a simulated 
throw of the following dice: 


1d4: a die with only four sides 
(triangular base pyramid). 
1d6: the classic cube with six 





sides. 
1d8: a die with eight sides (two square 
base pyramids glued together). 


1d10: adie with ten sides (two pentagon 
base pyramids glued together). 
1d20: a die with twenty sides (it resem- 


bles a tiny golf ball). 
1d100: also known as the ‘percentage die’, 
often replaced with two 1d10’s that 
the user throws twice to get sepa- 
rately tens and units. 
As usual, the user can browse the dice type 
list by pressing the scroll keys. When the 
desired die type appears on display, the user 
can ‘shake and throw’ by pressing and hold- 
ing DO, or instead he/she can quit by press- 
ing MENU. 


Let's follow a step-by-step example of a play 
action. 


Step 1: 


Select dice 
idé: 


Step 2: 
Push and hold DO for a while. 


Rolling... 
ldé: ü- 


Rolling... 
idé: =f) 


The above ‘—0’ and ‘0— patterns appear in 
sequence several times every second, giving 
a visual confirmation of the roll process. 
Meanwhile, the buzzer makes a clicking 
sound, simulating a real dice rolling on the 
top of a wooden table. 


Step 3: Finally, you release the button, and 
the score appears (in this case, 4). 


[DOI to roll 
idé: o4 


From now on, to start a new roll you simply 
push and hold the DO button, repeating the 
same sequence as step 1. Please note that 
you cannot now change the dice type, 
because the prompt message is ‘[DO] to roll’, 
not ‘Select dice’ as before. In order to change 
the dice type, you can push MENU and get 
back to the dice selection page. 


Armour Class mode 
When the circuit is in Armour class mode, 


MENU 
Armour Class 


the user can press DO or MENU to access 
next page: 
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May I count on it? 


A question that readily arises when you build an electronic coun- 
terpart of a well known object like a wooden die, is: “What’s the 
degree of randomness afforded by a true deterministic resource 
like a microcontroller”? Well, if you try to code some kind of ran- 
domness in the firmware, you actually get a pseudo-random algo- 
rithm, where the final result can be guessed because it depends on 
known and foreseeable factors. The approach followed by the 
author for his project is different, and may be compared to a dart 
game board which rapidly spins while you throw. How could you 
guess the landing zone of the dart? You see the target, but since 
you don’t recognize or anticipate the exact position of every num- 
bered section, because the spinning is really fast, you can’t aim the 
dart as you would like to do. Moreover, if you throw tens of darts 
one after another blindfolded, even at regular time intervals, you 
could not guess every landing zone. The internal operation of the 


PPG Dice Roller software resembles, closely enough, all the above 
considerations. In order to approximate the random behaviour of 
real wooden dice, the score you get from every simulated roll is 
not obtained by a pseudo-random algorithm, but simply capturing 
a sixteen bit number from a binary counter which is regularly 
updated hundreds of times every second. Such a counter is physi- 
cally implemented in the microcontroller, but operates with no 
direct intervention of the processing unit. When you push the DO 
key, the firmware takes a snapshot of the count, then computes a 
final score by applying a set of arithmetic calculations. No need to 
say, the true ‘random’ variable in this game is the user, because the 
score of every throw cannot be guessed, intentionally or not, by 
looking at the previous results or by following the program execu- 
tion flow. 

Software fans will like to hear that the program source code 
for the RPG Dice Roller is available as a free download from the 
Elektor Electronics website, under number 020005-1 1. 


where he/she is invited to select a number 
from 01 to 20, known as THACO (THAC zero) 
value. 


The two-digit number can be sequentially 
incremented or decremented by hitting 
SCROLL FORW/‘+‘ or SCROLL BACK/‘—’. The 
current version of the firmware does not 
implement an auto-repeat response of the 
keys, so you have to push once time for every 
unit. However, you hear a short beep from the 
buzzer every time a digit gets changed. 

When a suitable THACO value is shown, 
you can press DO to access the next page, 


or MENU to leave and get back to 
the beginning of Armour Class 
mode. 

From here on, the cycle repeats as 
in Roll Mode: push and hold DO, 
observe alternating ‘-0’ / ‘0-' pat- 
terns near ‘Roll:’ and ‘AC:’, and listen 
to the buzzer’s clicking sound. 


When you release the DO key, you 
get two numbers as a roll score and 
armour class hit: 


The above numbers tell you that dice 


score was 13, and since your preset 
THACO value was 9, every fighter 
who holds an AC value equal to or 
greater than 9 —- 13 = —4 is to be con- 
sidered hit or struck. Please note 
that Armour Class mode is useful 
every time your RPG scenario 
involves the ‘calculation’ of a battle 
outcome, from the simple man to 
man fight, to a more complex battle 
structure or even Star Wars. 


Hit Points Memo mode 
This is a simple feature that has lit- 
tle or nothing to do with random 
numbers and dice rolling. It’s only an 
electronic, hopefully useful, alterna- 
tive to the paper notebook that’s 
always gone when you need it. 
Given that most games involve 


24 


Armour Classes 
and Neighbouring FAQ 


What’s an Armour Class? 

An Armour Class is an integer that represents the ability of an 
enemy to face our attack, in terms of both vulnerability of his 
armour, bare skin, or whatever else, and ability to dodge and save 
himself from the hit. Every possible target in a Role Game shall 
exhibit its own AC value, usually in the range from —19 to |, asa 
visible qualification of its fighting skill. 


What’s a THACO value? 

A THACO value, acronym of Throw to Hit Armour Class zero, is 
also an integer, but instead of referring to an enemy being 
attacked, it qualifies a player who attacks. Every player shall have a 
THACO value, in the range from | to 20. 


What’s a throw to hit? 
A throw to hit is nothing but a single throw of a 1d20, the score of 
which is subtracted from THACO to represent a valid outcome of 


the current fight. In other words, combining a THACO value from 
the player who attacks, an AC value from the player who defends, 
together with the randomness of the dice, your RPG scenario 
appears both convincing and fascinating. 


In order to get a full benefit when operating in Armour Class 
mode, the user should perform the following steps: 


|. Preset a suitable THACO value (the circuit always remembers 
the last value set). 

2. Perform a ‘throw to hit’ action. 

3. Discard the roll score and note the AC value. 

4. Flag as struck every player who holds an AC value greater than 
or equal to the noted one. 


Please note that roll scores discarded at step 3 are useful in partic- 
ular game situations, such as the so called fumble, linked to score 
|, and the critical hit, linked to score 20. Readers wishing to get 
closer to the fascinating world of RPG can readily browse thou- 
sands of web pages by simply keying ‘RPG’ or ‘Role Playing Games’ 
(sometimes incorrectly written as Roll Playing Games) into an 
Internet search engine like Google. 
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some kind of score to keep track of, 
and Role Playing Games have the so 
called Hit Points as a measure of the 
‘vitality’ of every character, the Hit 
Points Memo feature can be a useful 
resource to permanently note your 
score between sessions. 


As usual, starting from the MENU 
page, 


you can push DO or MENU to access 
the next page, 
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next, you press SCROLL BACK or 
SCROLL FORW to decrement or 
increment the value in the range 
from 001 to 250, respectively. 

As seen for the THACO value, the 
current version of the firmware does 
not implement an _ auto-repeat 
response of the keys, so you have to 
push once for every unit. However, 
to speed up the operation when the 
digits to scan are tens or hundreds, 
you can press and hold the DO key, 
and then hit SCROLL BACK/SCROLL 
FORW, obtaining a decrement/incre- 
ment of ten at a time. 

If you are curious about Hit Points, 
please note that every RPG player is 
given a starting ‘vitality’ level, usually 
4 to 6, times the character level. From 


then on, if the player is struck, drinks poison, 
has an accident or suffers whatever physical 
damage, he/she drops one or more Hit Points, 
depending on the relevance of every single 
negative event. 

No need to say, when the Hit Point value 
reaches zero, the player is out. Now, if the 
game you're playing is short, you can start 
with 15 and possibly end with 0 in about 
three hours, but if the game is long and lasts 
for days or months, you must carefully keep 
track of your own vitality history. 

The Hit Points Memo can be a useful 
resource to replace a paper notebook or a lot 
of loose leaflets, since the internal non 
volatile memory of the micro maintains its 
data for tens of years and cannot be erased 
by a splash of coffee. Have fun! 

(020005-1) 
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